0.2 atm. Derxia gummosa formed only the 'massive' colony type on nitrogen-free agar media; the 'thin' colony type which predominates in air was absent. Only the 'massive' colonies reduced acetylene. The acetylene-reducing activity of samples from a nitrogen-fixing continuous culture was inhibited when the oxygen supply was increased, which suggests that the oxygen sensitivity previously reported during growth in nitrogen-free media is associated with the nitrogen-fixing process. Colonial dimorphism probably arises because only when the local oxygen concentrations on the agar surface are depressed can nitrogen fixation and subsequent growth to the ' massive ' colony type take place.
Influence of Oxygen Concentration on the Colony Type of
Derxia gumrnosa Grown on Nitrogen-free Media At oxygen concentrations of less than 0.2 atm. Derxia gummosa formed only the 'massive' colony type on nitrogen-free agar media; the 'thin' colony type which predominates in air was absent. Only the 'massive' colonies reduced acetylene. The acetylene-reducing activity of samples from a nitrogen-fixing continuous culture was inhibited when the oxygen supply was increased, which suggests that the oxygen sensitivity previously reported during growth in nitrogen-free media is associated with the nitrogen-fixing process. Colonial dimorphism probably arises because only when the local oxygen concentrations on the agar surface are depressed can nitrogen fixation and subsequent growth to the ' massive ' colony type take place. Jensen, Petersen, De & Bhattachary (1960) in their first description of Derxia gummosa described its characteristic appearance on nitrogen-free agar media: a few isolated 'massive ' colonies among many 'thin' whitish colonies. The type of colony used as inoculum affected neither the relative numbers nor distribution of the two colony types. They also reported that the 'massive' colonies fixed nitrogen whereas the 'thin' colonies did not. Tchan & Jensen (1963) found that the proportion of colonies which developed into the 'massive' type on N-free media was inversely proportional to the total number of colonies present. They argued that the factor controlling colony morphology appeared to be physiological rather than genetic. They also showed that 'massive' colony formation on solid media, and growth and nitrogen fixation in liquid media, was stimulated by the addition of combined nitrogen to the medium. They suggested that competition for the nitrogenous impurities present in the 'N-free' agar media influenced the distribution of colony type, and that nitrogen fixation could not be initiated in media completely free of combined nitrogen.
I N T R O D U C T I O N
Hill & Postgate (1969) found that with a small quantity of combined nitrogen, batch cultures of Derxia gummosa in otherwise N-free media could be established with agitation in air. However, this supplement was unnecessary if the cultures were left stagnant or if the atmospheric oxygen concentration was lowered to 0 -1 atm. or less. Once established, continuous cultures could be maintained in air provided vigorous stirring was avoided. This sensitivity to oxygen during growth in nitrogen-free medium is observed in other members of the Azotobacteraceae (see Dalton & Postgate, 1969) .
Evidence of the sensitivity to oxygen of nitrogen-fixing cultures in Derxia gumrnosa is presented here. The inhibitory effect of oxygen on growth in nitrogen-free media is shown to influence the colony morphology.
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S . H I L L METHODS
Organisms and media. Derxia gummosa strain 9064, obtained from the National Collection of Industrial Bacteria (NCIB), Torry Research Station, Aberdeen, Scotland, was grown at 30" (except where stated) in Burk's medium (Newton, Wilson & Burris, 1953) containing mannitol or glucose (I % w/v) as carbon and energy source. For some experiments the concentration of CaCl, was lowered to 10 ,ug./l., and the following trace elements were added (mg./l.) : FeSO, . 7H20, 0.82 ; H,B03, 2-32 ; CoSO, . 7H20, 9-56; MnSO, . 4H20, 0.08 ; Na,MoO,. 2H,O, 0.30; ZnSO,. 7H20, 1.74; plus nitrilotriacetic acid, 56. This modified Burk's medium will be referred to as B 5 medium. Solid media contained 15 % agar (w/v) (Bacto-agar, Difco Laboratories, Detroit, Michigan, U.S.A.). Stock cultures were maintained on Burk's agar medium containing either mannitol or glucose.
Batch and continuous cultures. Batch cultures were grown in stagnant glucose B 5 medium in half-filled plugged conical flasks. Continuous cultures, also using glucose B 5 medium, were set up in the apparatus described by Baker (1968) . Approximately 10 ml. of a 5 to 7 day batch culture was used as inoculum. Dilution rates between 0.07 and 0.1 h.-l were used. The stirring rate was varied between 165 and 500rev./min. and consequently the culture volume varied between 260 and 200 ml. Initially, continuous cultures were grown in 0.05 atm. 02. After growth was established the atmospheric oxygen concentrations were varied from 0.05 to 0.2 atm. 02. Gas flow meters were used to regulate the flow of air and nitrogen to give the required gas mixture.
Continuous cultures were considered to be oxygen-limited since (i) an increase in the supply of oxygen to the culture obtained either by an increase in the stirring rate or by an increase in the airlnitrogen ratio, increased the turbidity, (ii) a membrane-covered Clark electrode (Protech Ltd, Rickmansworth, Hertfordshire) failed to detect free dissolved oxygen in theculture, and (iii) a decrease in dilution rate increased the turbidity. Steady states were difficult to maintain because even a small change in the oxygen supply altered the turbidity.
Incubation of plates under various atmospheric oxygen concentrations. Cultures inoculated on glucose or mannitol B 5 agar plates were incubated in nylon bags (Portex, Portland Plastics Ltd, Hythe, Kent). Air plus nitrogen mixtures, sometimes containing additional C 0 2 , flowed through the nylon bag at a replacement time of 10 min. Evaporation from the agar surface was prevented by first passing the gas mixture through water.
Acetylene reduction by colonies on solid agar. Blocks of glucose B 5 agar approximately I cm. in diameter and carrying either individual 'massive' colonies or groups of 'thin' colonies (judged by eye to be approximately equivalent in total organism volume to one cmassive' colony) were cut out of agar plates and transferred to 7-5 ml. serum bottles. The bottles were flushed out with argon and capped with Suba-Seal rubber closures (W. Freeman Co. Ltd, Suba-Seal Works, Staincross, Barnsley, Yorkshire). Oxygen concentrations were adjusted to 0.05 or 0-2 atm. by replacing argon with the required volume of oxygen by injection. Acetylene equivalent to 0.03 or 0.05 atm. was then injected and the bottles were incubated at 30". After 1-5 and 4.5 h. incubation a further I ml. of the original gas mixture was injected and a I ml. sample was removed for analysis by gas chromatography. Controls of agar blocks alone were included in each test, Acetylene reduction by samples from continuow culture. Empty 7.5 ml. serum bottles were set up as above with 0.05 or 0.1 atm. O,, and with 0.03 or 0.05 atm. acetylene. Two ml. samples of an 0,-limited continuous culture were injected and the bottles incubated at 30" in a water bath with a shaking amplitude of 3.8 cm. Every 5 min. 0.5 ml. of the original gas mixture was injected and a 0.5 ml. sample was removed for analysis. During some experiments the gas phase above the sample was rapidly changed: the Suba-Seal closure was removed and the bottle flushed for I min. with a stream of gas containing an argon and oxygen mixture. After replacing the Suba-Seal closure acetylene equivalent to 0.05 atm. was injected.
Measurement of acetylene reduction by gas chromatographic analysis. Ethylene, the product of acetylene reduction, was analysed on a Pye 104 gas chromatograph fitted with a flame ionization detector and a I 52 cm. Porapak R column of 5 mm. internal diameter. The column was operated at 60" with nitrogen as carrier gas flowing at 60 ml./min. A relatively large proportion of the gas phase above the culture was removed for analysis ; therefore, estimates of ethylene production were corrected to include the concentration removed from the gas phase during previous sampling.
Colony counts. Samples from an 0,-limited continuous culture were diluted in B 5 medium containing no carbon and energy source, and 0.1 ml. portions were spread on glucose B 5 agar medium. The plates were incubated under various gas mixtures in nylon bags (above).
R E S U L T S
Colony formation on nitrogen-free media
The typical appearance of Derxia gummosa colonies grown on nitrogen-free agar media in air (0.2 atm. 0,) is shown in Fig. Ia . 'Thin' colonies appeared after 2 days incubation. After 4 to g days a few 'massive' colonies developed from 'thin' colonies, but only from colonies which were widely separated. Occasionally ' massive ' colonies also developed within confluent growth of 'thin' colonies.
In an attempt to find the factor responsible for the formation of 'massive' colonies on nitrogen-free media, the following changes in cultural conditions were made. Inocula prepared from ' massive ' colonies and ' thin ' colonies were tested separately.
Eflect of additional nutrients. The following in 0.1 to 0.4 ml. of H,O were added separately as supplements to the surface of mannitol Burk's agar plates: FeS0,.7H20, 0.75 mg.; Na,MoO,. 2H,O, 0.375 mg. ; NaJO, . 14H,O, 0.075 mg. ; EDTA, 0.164 mg. ; biotin and p-aminobenzoic acid, 0.15 ng. of each; cyanocobalamin, 0-025 mg.; Tween 80, 0.4 ml. of I % solution; trace elements, ten times more concentrated than those used in B 5 medium.
None stimulated the formation of 'massive ' colonies.
Eflect of pH value. Adjusting the final pH value of mannitol Burk's agar medium to 5.2, 6.3 or to 7-8 did not stimulate the formation of 'massive' colonies.
Eflect of temperature. Neither lowering the temperature of incubation to 25O nor raising it to 37" stimulated the formation of 'massive' colonies on mannitol Burk's agar medium.
Efect of 0, concentration. Lowering the concentration of oxygen in the gas phase to below 0.2 atm. stimulated the formation of 'massive' colonies. With 0.05 atm. 0, on glucose B 5 or on mannitol Burk's medium, all colonies developed into the 'massive' type after 5 to 8 days incubation (see Fig. I b) . In 0.1 atm. 0, colony formation was exclusively of the 'massive' type, but growth was slower than in 0-05 atm. 02. Furthermore, when plates carrying 'thin' colonies were transferred from an atmosphere containing 0.2 atm. 0, to one containing 0.05 atm. O2 all colonies developed into the 'massive' type. Four sucroseutilizing Brazilian strains of Derxia gummosa, kindly provided by Dr J. Dobereiner, were also tested; 'massive' colony formation was similarly stimulated by decreasing the atmospheric oxygen concentration. 
Inhibition by oxygen of the acetylene-reducing activity of liquid cultures
Growth of Derxia gummosa in N-free media was sensitive to oxygen (Hill & Postgate, 1969) . The effect of oxygen on the acetylene-reducing activity of samples taken from an oxygen-limited nitrogen-fixing continuous culture of D. gummosa was investigated. The results of a typical experiment in which the atmospheric concentration of oxygen was 0.05 or 0-1 atm., and where the supply of oxygen to the sample was varied by changing the agitation, are shown in Fig. 2 . An increase in agitation from roo to 176 strokes/min. caused about a 60 % inhibition in acetylene-reducing activity; the inhibition was not immediate but occurred after a lag of about 5 min. Upon returning to the initial conditions of agitation there was a 10 min. lag before the acetylene-reducing activity returned to approximately the original value. When the supply of oxygen to the sample was rapidly increased from 0.05 to 0.2 atm., while maintaining the shaking rate at I 56 strokeslmin., the acetylene-reducing activity after 20 min. was inhibited by 97 %, and after 80 min. by IOO %. Forty-five % of 6-2 the original acetylene-reducing activity returned when the sample was again exposed to the original gas phase containing 0.05 atm. 02.
Efect of oxygen concentration on colony counts
The 'massive' colonies of Derxia gummosa are more easily recognized than the 'thin'
colonies. Therefore viable counts of D. gummosa -for example, from soil samples -could be scored more easily on N-free agar media if the plates were exposed to 0.05 atm. 02. A comparison of colony counts from plates exposed to 0.2 or 0.05 atm. was therefore made using several different populations ranging from 0.5 to 4.0 x 1oS organisms/ml. taken at different times from an oxygen-limited nitrogen-fixing continuous culture. Plates exposed to 0.05 atm. 0, gave colony counts that ranged from 30 % below, to values equal to those of similar plates exposed to air. The addition of 0.01 atm. CO, to the atmosphere containing 0.05 atm. O2 did not significantly alter the colony count, although it generally increased the rate of growth.
DISCUSSION
Derxia gummosa (Hill & Postgate, 1969) , like Azotobacter chroococcum (Dalton & Postgate, 1969) and Mycobacterium Jlavum (Biggins & Postgate, 1969) , is sensitive to oxygen when fixing nitrogen. With cultures of A . chroococcum, Yates (1970) and Drozd & Postgate (I 970) showed that acetylene-reducing activity of nitrogen-fixing organisms from continuous culture also was inhibited by oxygen, and that the inhibition was reversible. Experiments reported here showed that the acetylene-reducing activity of D. gummosa is similarly reversibly inhibited. It therefore seems likely that the effect of oxygen on the acetylenereducing activity of whole organisms reflects the oxygen sensitivity of the process of nitrogen fixation and, consequently, of growth of D. gummosa in N-free media.
Nitrogen fixation occurs in the 'massive' colonies on N-free media and not in the 'thin' colonies. This was shown by Jensen et al. (1960) and is confirmed by the acetylene-reduction test reported here. Just as growth is only readily initiated in N-free liquid media when the atmospheric oxygen concentration is less than 0.2 atm. (Hill & Postgate, 1969) , so the colony morphology on N-free solid media in low oxygen concentrations is always of the 'massive' type.
'Massive' colonies also form when some fixed nitrogen is available (Tchan & Jensen, 1963) . Low levels of fixed nitrogen in agar media in air may allow an initial phase of growth during which the respiratory activity of the organism makes demands upon the local oxygen supply and lowers the concentration sufficiently to release the inhibition of nitrogen fixation. Once nitrogen fixation is initiated respiratory activity would continue to depress the level of oxygen present. An apparent discrepancy exists between the formation of occasional ' massive ' colonies on N-free media in sparsely inoculated and in densely inoculated areas. The first type would result from growth being initiated on nitrogenous impurities in the medium which, as they are consumed by the organisms, are replaced by diffusion from the sterile areas, so allowing some organisms ultimately to initiate nitrogen fixation. For the second type lowered concentrations of oxygen would result from competition for oxygen among the densely packed organisms enabling some to initiate nitrogenfixing colonies. The ' thin' colonies, which do not fix nitrogen and do not reduce acetylene, develop only to the limit of the nitrogenous impurities in the 'N-free' agar medium.
Brown (1970) pointed out that the speed of oxygen transfer in bacterial cultures is lowered by the presence of slime. The mucoid material present in nitrogen-fixing cultures ofDerxia gummosa may have this effect, and consequently protect the bacterial cell organelles from rapid penetration of oxygen. The lag period between the increase in oxygen supply and the inhibition of acetylene reduction in samples from a nitrogen-fixing continuous culture could be accounted for by the presence of this dense mucoid material. The more rapid oxygen inhibition of acetylene reduction in Azotobacter chroococcum (Drozd & Postgate, 1970) and recovery therefrom may reflect the presence of less mucoid material. Furthermore, the consistency of the 'massive' colonies of D . gummosa is characteristically very viscous and tenacious. When grown in 0.05 atm. O2 'massive' colonies did not show oxygen inhibition of acetylene-reducing activity when tested in 0.2 atm. 02.
The colony counts of Derxia gummosa from N-free agar plates exposed to 0.05 atm. 0, were often slightly lower than from plates exposed to 0.2 atm. 0,. The use of incubation in low atmospheric oxygen concentrations for practical purposes (e.g. in determining soil populations) depends on whether this small error would be acceptable.
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